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1. 

User's Guide f o r  the  Computer Program COMPDES 

1. Introduction 

In reference 1 the theories and algorithms f o r  two d i g i t a l  computer 

programs, namely, a compensator design program and a pole placement 

program, a r e  developed; 

a r e  l i s t e d  i n  appendices A and B of referenoe 1. 

guide describes the use of the compensator design program, COMPDES, only; 

the necessary instructions f o r  the useage o f  the pole placement program 

The two programs are  writ ten i n  FORTRAN IV and 

The present user ' s  

a r e  given i n  the form of comments a t  the beginning o f  tha t  program. 

The purpose of COMPDES i s  the  design of a low-order compensator to  

s t ab i l i ze  a given controllable and observable l i n e a r  time-invariant 

system in  the presence of parameter uncertainties.  The theoret ical  

development f o r  the algorithm can be found i n  reference 1. 

2. Program Outline 

COMPDES can be broken down in to  two major sections. The f irst  

section consists o f  a gradient procedure which t r i e s  to increase the 

s t a b i l i t y  of a system by computing appropriate feedback gains. 

result ing closed-loop system i s  tes ted f o r  s t a b i l i t y  with respect to the  

maximum possible parameter variations.  The program terminates i f  

s t a b i l i t y  can be guaranteed. If not, the  program proceeds to  program 

section two. 

The 

Section one can be by-passed. 

Program section two carr ies  out the actual  cornpensator design and 

sens i t iv i ty  reduction. The compensator i s  composed of a s t a t e  estimator 

and a s e t  of ' a l l - s t a t e '  feedback gains. The sens i t i v i ty  function i s  

minimized by means of the Davidon function minimization method. The 
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gradient of the sens i t i v i ty  function with respect to  the eigenvalues and 

ALO i s  required f o r  the Davidon method and i's synthetically generated. 

Thus the computed gradient may not be zero where the  function actual ly  has 

a minimum. To avoid numerical osc i l la t ion  about such a minimum, the 

t o t a l  number of i t e r a t ions  i s  l imited.  A flow chart  of the COMF'DES 

computer program i s  depicted i n  Figure 2-1. 

3. . Table of Input Parameters 

'aramet e r  

NS 

NC 

NF 

NFF 

IDELR 

ISTOP 

IMATJ 

N u l  

IPASS 

Input 
Format 

3110 

8110 

Int . ,  simple 

11 11 

11 11 

11 I1 

11 I t  

11 t t  

11 11 

Int . ,  simple 

Explanation 

No .  of System States 

No .  o f  Control Inputs 

No.  of Outputs 

Desired order of compensator, 
used i n  gradient method t o  
increase s t ab i l i t y .  

L 0 DELR = .2 by default  
> 0 read DELR 

f 0 STOPR i s  computer from 
other input data 

>O Read STOPR 

GO Matr ix[FJ]=  [O . ]  by 

>O Read matrix [FJ] 
defaul t  

>, 0 ; ? O  t o  generate a more 
conservative STOPR and 
condition no. x. 

f 0 Program t r i e s  t o  determine 
an appropriate comp ensa to  r 
or order NF'F v ia  gradient 
method 

passed, compensator w i l l  
be of order NFF=NS-NF 

> O  Gradient method i s  by- 
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arameter 

DELR 

STOPR 

A 

DA 

B 

C 

ACC 

AC 

FJ 

IPOLE 

LAREcl 

LIMIT 

KSHIFT 

Input 
?ormat 

7~10.4 

7F10.4 

5~15.6 

5~15.6 

5~15.6 

5F15.6 

5F15.6 

5~15.6  

8110 

Real, simple 

Real, simple 

Real, matrix 

t? lt  

11 11 

Real, matrix 

Real, simple 

Real, simple 

Real, matrix 

Int. ,  simple 

Emlanation 

Only i f  IDELR > 0 ; DELR i s  the 
increment fo r  the gradient method 

Only i f  ISTOP > O  ; STOPR deter- 
mines the minimum required system 
s t a b i l i t y  f o r  termination of the 
gradient method. 

NS * NS System matrix; input by 
rows. 

NS * NS 
input by rows. 

System uncertainty matrix; 

NS * NC 
input by rows. 

System input matrix; 

NF * NS 
input by rows. 

System output matrix; 

Min. s t a b i l i t y  required f o r  nominal 
system plus  compensator. 

Min. S t ab i l i t y  required f o r  
perturbed system plus compensator. 

Only i f  IMATJ > 0; 
matrix of i n i t i a l  d i rec t  feedback 
gains t o  start gradient method. 

NC * NF 

& 0 Program generates i n i t i a l  
set of s table  system and 
c o q  ensato r poles 

poles. 
>O Read system and compensator 

f O  No region constraint  fo r  

>O Read region constraint  DR 
pole locations i and weighting GA 

Maximum no. of i t e r a t ions  (for  any 
given s e t  of i n i t i a l  poles) t o  
determine va l id  compensator. 

>, 1, no. of different  i n i t i a l  
pole se t s .  If KSHIFT > 1, 
program w i l l  generate new 
i n i t i a l  s e t s .  
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Input 
Fo m a  t 

4F20.10 

~ 

4F20.10 

4F20.10 

Real, simple 

11 11 

Real, matrix 

Explanation 

constraints j choose 

Only i f  IPOLE > 0, NS*2 matrix 
( i .e. ,  real and i m .  p a r t  o f  poles) .  

NS poles i n i t i a l l y  t o  be realized 
by system with ‘ a l l - s t a t e ’  
feedback . 
Only i f  IPOLE>O,NFF*2 matrix.NFF 
poles i n i t i a l l y  t o  be realized by 
the compensator. 

4.’ Example 

The following Computer Print-out represents a typical example. 

The example chosen describes a 3rd order system with one input and two 

outputs (Note: 

canonical form, i.e.,  the first p a r t  of the W*NS output matrix C 

represents the ident i ty  matrix of rank NF, the remainder of the matrix C 

i s  zero). The card set-up fo r  the input data i s  shown i n  Fig. 4-1. 

Fig. 4-2 presents the actual  computer print-out. 

f o r  the  program to  work the system has to  be i n  observer 
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FIGURF, 4-1 
Card Set-Up f o r  3rd Order Example 



. .  
STATES INPUTS O u i P u r s  COW-LRD I D E L K  I S T C P  I P A T  J hU 1 
KS = 3 N C  = 1 NF 2 NFF = , C  C 0 1 0 

SYSTEP M A T R I X  A. 
. -0 .4003OOOC 0 1  -0 . iCCCCCCC ( 1  C.1CCCCCCG C I  0.5000dOOD 00 

-0.30000000 0 1  0 . i ccccccc  c 1  c . 2 5 c c c c c D  c 1  J.9ooooooc J O  
o.~ooooooc a i  

PAXICUE!  A B S O L U T E  Cl-ANGE EA OF I H E  t L t C t h l S  OF THE S Y S T E P  C A T P I X  4 
0 . 4 0 0 0 0 0 0 D  00 0 . iCCCCCCC CC C. lCCCCCtD C G  0.5OOOOOOC-01 
0.30000rJOC 00 0 . i C C t C C C U  c c  c.2:cccLcu CO 0 . 8 0 0 0 0 0 u c - 0 1  
0.2000000c 00 

CCNTRCL I N P U T  C A T R I X  E 
-0.20000000 0 1  0. l C C C C C C 0  C 1  C.3CCCOCCD C 1  

CUTPUT M A T R I X  C 
0.1000000c 0 1  0.c 
0.1000000c 01 0.c 

\ 

C.C 0.0 

A C C E P T A E L E  L A R G E S T  R E A L  P A R T  OF 1hE E I G E N b A L L E S  F E R  THE k C R S T  C A S E  C F  
P A R A P E T E R  U N C E R T A I N T Y  k P S  TO BE L E S S  T P A h  AC = -C.2OCOO 
E I G E L V A L U E S  O F  N O M I N A L  SYSTEM ARE K E P I  1C 1HE L E F T  CF ACC = -2.09000 

R I N I P U M  S T A B I L I T Y  R E Q U I R E C  FOR i E R N l N A l I O A  -4.09999943 

S T A I I L I T Y  I N C R E A S E  I N C R E M E Y T  = C.2CCCCGCC 

GRACIENT PROCECURE T R I E S  TO D E T E S P I N E  A C C P P t N Z A 7 C R  CF CRDER hFF = 0 
S U C k  THAT T t E  CLOSED-LOOP SYSTEM D O t L  hC1 BECCPE L h S l A B L E  FCP T H E  G I V E N  
PAXICUP PARAMETER U N C E R T A I N T I E S  I SEE M A T R I X  DA) .  

C I R E C T  FEEDEACK M A T R I X  FJ 
-0.1000000c 0 1  -0.L5CCCCCC i l  

RCCTS R E A L  P A R T  I P A G .  P A R 1  
- 0 . 2 5 1 8 3 9 C  01 C . I C f C C 2 D  c 1  
-0.25163913 0 1  - C . l t 5 C t 2 0  C l  
-0.46322713 00 c.c 

Y A X l P U M  R E A L  P A R T  O F  ROOTS 
-0.463226913 00 

CLCSEC-LCOP S Y S T E M  M A T R I X  AlC.-L.I. 
-0.2000000c 0 1  o . ? c c c c c c c  E l  C .1CCCCCiD c 1  -0.5~00J00c 00 
-0.55000000 0 1  0. ICCCCCCC C 1  -C.SCCCCCCU CO -0.670000UC 01 
0.2000000c 0 1  

FIGURF, 4-2, i 

Computer Print-Out f o r  3rd Order Example 
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t l t V E C  ERRUR M E S S A G E S  
S W  1-0.3692C- 11 1TER.r 2 0If-=C.1866E-lO 

E I G E h V K T O R S  CORRES TO WRP E I G E Y V A L L E  
RCH R E A L  P A R T  R D h  I M A G  D A l < I  C C L  R E A L  PART C C L  I P A G  P A R T  

0.1000030c 01 0.c C.23317520 C O  0.0 
-0.7833232C C O  0.C C.E?72354D GO 0.0 

-V -70497340-01 0.c C. 1CCCCCCD C l  0.3 

G R B C I E N T  M A T R I X  DUE TO FJ 
0.2451565C 01 0.C71t54IC c c  

C I R E C T  FEEOEACK M A T R I X  F J  
-0.i3094940 01 -0.i57216ec C I  

R C C T S  R E A L  P A R T  IFAG.  P A R 1  
-0.159931C 01 0.c 
-0~167694t  0 1  C.lE45240 E l  
-0 167694C 0 1 -0.lE4Si40 c 1  

l r A X I V U M  R E A L  
-0.159330 

P A R T  
7c 01 

O F  ROO 1S 

C L O S E C - L C O P  S Y S T E M  M A T R I X  AlC. -L . ) .  
-0.1381012C 01 0.214433513 C 1  C.1CCCCCL.D C l  -0.8094941C 00 
-0.5572168C 01 0.iCCCCCCC C1 -C.l42€4E20 C1 -0.6916503C 0 1  

0.20000000 0 1  

' E X G V E C  ERROR MESSAGES 
. Ski.1-0.26510-14 I T E R =  . 2 OIF-C.  1485E-14 

E I G E h V E C T C R S  CCRRSS T3 RRP E I G E X V A L L t  
RCW R E A L  P P R T  ROk I N A G  PART CCL REAL P A R T  CCL I Y A G  PART. 
0.2558633C-01 0.c C . 1 C C C C C C D  c1 0.0 
0 .  looooooc 0 1 0.c -C.12143260 C O  0.3 

-0.56277120 00 0.C C.lt35256D CO 0.0 

G R A C I E N T  H A T R I X  C U E  TO F J  
0.39360330 0 1  -0.4779t2EC C C  

C I R E C T  F E E O e A C K  M A T R I X  FJ 
-0.13240450 01 -0.i57C4ClO C 1  

RCGTS R E A L  P A R T  IPAG.  P A R T  
-0.165629t 01 0.c 
-0.163301C 01 C . l e t E E 4 U  c 1  
-0.16330lC 01 -0.lEtEE40 C l  

V A X I W M  R E A L  P A R T  O F  R O O T S .  
-0.1633008C 0 1  

FIGURE 4-2, ii 
rd Computer Print-Out for 3 Order Example (continued) 



CLCSEC-LCOP S Y S T E M  M A T R I X  AIC.-L.). 
- 0 . 1 3 5 1 9 0 ~ ~  01 0 . 3 i 4 c e c i u  c i  C.lCCiCCC0 C 1  -0.8240453C 00 
-0.5570401C 0 1  O.iCCCCCC0 L 1  -C.l472156U C l  -0.6911202C 01  
0.20000000 01 

EIGVEC ERROR MESSAGES 
SW 1x0 e77 130-1 1 I I E K =  2 DIF=C. 7487E-12 

EICEhVECTORS CORRES T O  VQP ElGCXbALLE 
RCW REAL PART KOs I H A G  PARI CCL REAL P A R T  CCL I V A G  PART 
0.20576850 CO 0.34f!7345C-C1 C.1CCCCCCL l  c1  0.0 
0 ~ 1 0 0 0 0 0 0 0  0 1  . -0.13E7775C-lt  -C.tt53863U-C1 0.377926SC 00 

-0.4762001C 00 -0.i5455SCC C C  -C.721137CU-C1 0.68164751: 00 

GRAClENT MATRIX CUE TO F J  
-0.2885096C 0 1  0.7C49145C C C  

CfRtCT FEEDBACK MATRIX FJ 
-0.1321017C 0 1  -0.i5712C3C C l  

RDCTS REAL PART IMPC. PAR1 
-0.164440C 0 1  C.C 
70.164238C 0 1  C . l E t S C E 0  C l  
-0.164238C 0 1  - C . I E C S C E D  C 1  

YPXIYUM REAL PPRT OF ROOTS 
-0.1642382C 01 

CLCSEC-LOOP SYSTEM MATRIX A(C.-L.I. 
-0.1357965C 0 1  0.11424CiG C l  C. l C C C C C C O  CI -0 .8Z l i 174C 00 
-0.55712030 0 1  0.2CCCCCCO (1 -C. 14630520 C 1  -0.69136100 01 

0.20000000 c 1  

EIGVEE ERROR MESSAGES 
SW1=0.73760-10 ITER= 2 01 F=C. 4553E-11 

EIGEKVECTORS CORRES TO KRP EIGSNUALLE 
PCW REAL PART ROh WAG PART CGL REAL PART CCL I Y A G  PART 
0.2042519C 00 0.3CIC422C-CI C.lCCCCCCU C 1  -0.4163336C-16 
0 . lOOOOOOC G 1 -0. i77555EG- 16 -C. 6?14C!7CD-C1 0.3774747C 00 

-0.47543590 CO -0.i5335E4D C C  -C.734C8310-01 0.6783966C 00 

GRAClENT MATRIX CUE TO FJ 
-0.29025770 0 1  0.75S70350 C C  

CIRECT FEECBACK MATRIX FJ 
-0.13207300 0 1  -0.25712750 C 1  

RCCTS REAL PART IPAG. PAR1 
-0.164327C 01 C.C 
-0.164327C 0 1  C.lEC472C c 1  
-0 164327C 0 1 ' -c . ie t4120 c i  

FIGURE 4-2, iii 

rd Computer Print-Out for 3 Order Example (continued) 



YPXlKUM REAL PART OF R O O T S  
~0 .1643272C 0 1  

CLOSEC-LCOP SYSTEM MATRIX A ICcL .1 .  
-0.1358539C 01 0,?142:571: C l  C.1CCCCCCU C 1  -0.8207304C 00 
-0.5571279C 0 1  0.SCCCCCCC C 1  -C.14621510 C 1  -0.6913836C 01 

0.2000000c 0 1  

EIGVEC ERROR MESSAGES 
SWl=O .9037D-10 ITER= 2 0IF.C. S437E-11 

EIGEhVECTORS CORRES TO MRP EIGkNLALLE 
RCW REAL PART ROk IHAG PART CCL REAL PART CCL IVPG PART 
0 e204 IORCIC 00 0. ? C 2 2  1 C  CC-C 1 C.1CCCCCCD C l  0.4163336C-16 
0.1000000c 0 1  0 .1? f7775G- l t  -C.t72C672O-C1 0.377432613 00 

-0.47536310 C O  -0.i53245CU C C  -C.7?532250-C1 0.67861780 00 

GRACIENT MATRIX CUE TU F J  
-0,29042100 0 1  0.75919EEG C C  

CIRECT FEEOBACK MATRIX F J  
-0.13207300 01 -0.i57127SO C l  

RCGTS REAL PART IVAG. PARI 
-0.164327C 01 0.c 
-0.164327C 01 C.IEt4720 C 1  
-0.164327C 01 -0. lEt472D C 1  

PAXIPUH REAL PPRT OF ROOTS 
-0.1643272C 0 1  

CLCSEC-COOP SYSTEM MATP. I X  A(C.-L.). 
-0.13585390 0 1  0.31425570 C l  c. i c c c c c c D  t i  -o.a2373o+c 30 
-0.5571279C 01 0.ZCCCCCCD C 1  -C.l4621SlD C l  -0.6913836C. 01 
-0.20000000 0 1  

EI6VEC ERROR MESSAGES 
SW1=0.90370-10 ITER= 2 OIF=C.5437E-l l  

EIGEAVECTORS CORRES TO PRP EICENVALLE 
RCW REAL PART R O h  I M A G  PART CCL REAL PART CCL lPAG PART 
0.20410RBC C O  0.3Ci21CCU-Cl C . l C C C C C C D  c1  0.4163336C-16 

-0.4753631C 00 -O.i5?245CU C C  -C.7353225D-C1 0.6786178C 0 0  
0. lOOOOOOC 0 1  0.13E777SU-16 -C.C’fZC672D-C1 0 . 3 7 7 4 3 2 6 ~  ao 

CRPCIENT M A l R I X  DUE TO FJ 
-0.2904210C 0 1  0 . 7 S S l S E E C  C C  

CIRECT FEECBACK MATRIX FJ 
-0.132073OC 01 -0. i571275D C l  

FIGURE 4-2, iv 

Computer Print-Out fo r  3rd Order Example (continued) 



RCCTS R € 4 L  P A R T  I P A C .  P A R l  
-0.164327C 01 c.c 
-0 164 327C 0 1 C.ltt472D C1 
-0.164327C 0 1  -C.l€f4720 C1 

C E T E R Y I N E  COHPENSATOR OF ORCER NFF = 1 
PhD I T E R A T E  ON CONCIT ION-NCMBER.  

P I N I P U M  S T A B I L I T Y  R E O U I H E C  FOH T € W H l N A l I C h  -4.79999924 

CCWPENSATOR C E S I G N  - I N I T I A L  YALLES.  I S H I F T  = 1 

C I R E C T  FEEDBACK M A T R I X  F J  
-0.iz31~67c 0 1  -0.1554e740 c2 

CCMPENSATOR OUTPUT MATR I X  FH 
-0.2834564C 01 

CCKPENSATOR I N P U T  M A T R I X  FG 
0.2827917C 01 O.t671&61C C1 

COPPENSATOR M A T R I X  FF 
-0.1913589C 01 

RCGTS R E A L  PART IMAG. P A R l  
-0.900000C 01 c .c 

. -0.400000C 0 1  C.1CCCCCD C1 
-0.403000C 01 -t.1c::;c0 :1 
- 0 . 3 0 0 0 0 0 C  01 c.c 

A L C  = 1.000000CONC.-NUMBER i22.SCSCC3 

4LO = 1.00000 R O O T l  = -C.3CCCCCCD C1 CCLU.-hLCOER = 0.22290YOC 03 F U N C T I O N  V P L U E  = 0.5437 

I T E R P T I O N  NUMBER K O U N T =  1 

4LG = 1.00200 R O O T 1  a -C.25554310 C1 CChD.-hLPBER = 0.2212218C 03 FUNCTICIN V P L U E  C.5536 

I r E R P T I O N  NUMBER KCUNT= 1 

4LO = 1.00400 R O O T 1  = -C.ZSSEECZlI C1 CUhC. -hLPBE9 = 0.21955YlC 0 3  F U h C T I O N  V A L U E  = 0.5536 

I T E R P T I O N  NUMBER K O U N l =  1 

4 L C  = 1.00100 R O O T l  -C.2SS77240 C1 C C h D . - h L P B i R  = 0.21630551: 33 F U h C T I U N  V P L U E  C.5435 

c 
I T E R P T I O N  NLJHBER KOUNT. 1 

FIGURE 4-23 v 
rd  Computer Print-Out for 3 Order &ample (continued) 
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ALO = 1.01601 R O O T 1  = -C.255544ED ( 1  COhU.-hLCEER = 

ITERPTION NUMBER KOUNT- 1 

A L C  = 1.03202 R O O T l  * -L.Z55L€57D C 1  CChD.-hLfJBER = 

ITERJTION NUMeER KOUNT= 1 

ALO = 1.00403 R O O T l  = -C.25E1793D C 1  CLhU.-hLCBER = 

ITERBTION NUHEER KOUNT= 1 

ALO * 1.12807 R O O T l  -C.2St35EfD C 1  COhD.-hLYBER = 

ITERdTION NUMBER KOUNT= 1 

PLO = 1.25t14 ROOTl 0 -C*2527172D C l  CChD.-LLCBER = 

ITERPTION NUHeER KOUNT= 1 

ALC = 1.51228 R O O T l  -C.2€543440 C 1  CChD.-hLCBER = 

ITERdTION NUMEER KOUNT= 1 

ALO = 1,46258 ROOTI = - C . Z E C ~ ~ ? ~ D  c i  C C ~ U . - ~ L C B E R  = 

ITER&TION NUMBER KOUNT= 1 

PLO = 1.42769 R O O T l  = -C.2E7t3SCD t i  CC%U.-htPBER = 

ITERPTION NUHeER KOUNT= 1 

ALO = 1.40311 ROOTl -C.2EE53E3U il CChC.-hLCBER = 

ITERPTION NUHeER KOUNT= 1 

A L C  1.38567 R O O T l  -C.tESC?430 C l  CChD.-hL*BER = 

ITERATION NURBER KOUNT= 1 

A L O  = 1.37315 R O O T l  * -C.ZES?SC?O C 1  CChC.-hLYBER = 

ITERATION NUMBER KOUNT= 1 

0.21007301: 03 FUNCTION VPLUE = 0.5533 

0.1986163C 03 FUkCTICN VBLUE = C.5530 

0.1791212C 0 3  FUNCTION VBLUE = C.5523 

0.1501772C 0 3  FUNCTION VALUE 0.5910 

0 . 1 1 5 4 3 ~ 9 ~  03 FUNCTION VALUE = c . 9 ~ e e  

0.8297166C 0 2  FUNCTION VALUE = C.5E58 

0.8750232C 0 2  FUNCTION VALUE = C.9Et3 

0.9094286C 0 2  FUNCTION VALUE = C.9866 

0.93533BBC 0 2  FUNCTION LBLUE C.Set9 

0.9547476C 0 2  FUNCTION VALUE = C.5@71 

0.9692715C 0 2  FU&CTIflN VBLUE = C.5672 

FIGURE 4-2, Vi 

Computer Print-Out for 3rd Order Example (continued) 
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bL0 = 1.36405 R O O T l  -C*ZtSt45CD C 1  C O L C I - ~ L P B C R  = 0.4836241C 02 F U h C T I O N  V A L U E  = C * 5 @ 7 3  

I T E R b T J O N  V U M e f R  K O U N T I  1 

bL0 = 1.37261 R O O T l  = -C.Z€54C57D El CCAD.-hLFBER = 0.46YY118E 02 F U N C T I O N  V b L U E  = 0.5872 

I T E R d T I O N  NUM@ER K O U N T S  1 

bLC = 1.37i11 R O O T l  = -C,2€542CtD Cl C0hD.-hLPHER = 0.Y705361t J2 F U h C T l O N  V A L U E  = C.5€72 

I T E R I T I O N  NUMeER K O U N T *  1 

bL0 = 1.37164 R O O T l  -C.2€S43?2D C1 C C h D + - h L P B E R  = O.Y?105A6C 0 2  F U N C T I O N  V A L U E  = 0.4872 

i T E R b T l O N  NUMeER K O U N T -  1 

b L C  = 1.37121 R O O T l  3 -C.2-ES44550 C l  CChDa-hLPBER 0.9715729C 32 F U l c C T I O H  V A L U E  C.5872 

I T E R b T X O N  NUMeER K O U N T =  1 

PLO = 1.37080 R O O T 1  = -C.Z€S457CD C 1  CChC.-hCPBER 0.9720521C 02 F U N C T I O N  V b L U E  = O.SB72 
1 

TFE e E L 0 Y  COMPENSATOR G L A R 4 Y T E E S  SlABILIlY CSLI FCR A T C T A L  
U N C E R T A I N T Y  OF 0 .  CZ 77644€ 

CCRPENSATOR C E S I G N  - F I N A L  V A L L E S .  

C I R E C T  F E E C 8 4 t K  M A T R I X  FJ  
-0.1691622C 01 -0.152C581D C2 

CCWPFNSATOR O U T P U T  N A T R  1X FH 
~ -0.22696400 01 

CCHPENSATOR I N P U T  M A T R I X  F G  
0.4328633C 01 0.€357755D (I 

CCPPENSATOR M A T R I X  FF 
-0.19685020 01 

R C C T S  R E A L  P A R T  IMAG.  P A R 1  
-0.758312C 01 C.C 
-0.416168C 01 C.24157tD C 1  
-0.416168C 01 -c.24151tv C l  
-0.288457C 01 c .c 

FIGURE 4-2, v i i  

Computer Print-Out fo r  3rd Order Exaxple (continued) 
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5 .  Explanation of Computer Print-Out, Fig. 4-2 

The top half of example page i gives a p a r t i a l  l i s t i n g  of  the input 

parameter . 
* -  

The bottom half  shows the beginning o f  the i t e r a t i v e  gradient 

procedure t o  obtain a more s table  system. 

gain matrix was inputted as -1. -2.5 result ing i n  a closed loop 

system whose l e a s t  s tab le  root  has a maximum r e a l  p a r t  (W) of -.463. 

The i n i t i a l  d i rec t  feedback 

The following pages l i s t  the i te ra t ions  produced by the gradient method 

i n  order t o  improve the system s t a b i l i t y .  The s t a b i l i t y  i s  improved such 

tha t  the l e a s t  s table  closed-loop system root has a MRP = -1.643. 

Since the closed-loop system without compensator ( r eca l l  NFF was 

chosen O), could not guarantee the required minimum s t a b i l i t y  -AC = -.2 

i n  the presence of  the chosen parameter uncertainty DA the program t r i e s  

t o  determine a low-order compensator t o  obtain the  required minimum 

s t a b i l i t y ,  The compensator order i s  NF = NF - NF = 1. 

matrices FJ, FH, FG and FF, t o  rea l ize  the inputted s e t  of i n i t i a l  

system-@as compensator poles (EMS, EMF), a re  computed and l i s t e d  in  the 

top half  of example page v. 

The compensator 

The closed-loop system formed by the or ig ina l  system and the  

compensator yields  a condition number of x = 222.909 f o r  ALO = 1 (ALO 

multiplies matrix FG and divides matrix FH) .  

I n  order t o  achieve a high r e l a t ive  s t a b i l i t y  the function 

R e  (h  ) - ACC max f ( h ,  A L O )  = 1 + J 

x / IDA I 1  - ACC s -  

where h - a r e  the eigenvalues of the closed-loop system, i s  minimized. 



The i t e r a t ions  on ALO, the  COND. - NUMBER and the  FUNCTION VALUE are  

l i s t e d  on pages v, v i  and v i i .  

terminates because of too many i te ra t ions .  Although the function fs 

achieves a t  some i t e r a t ion  step a value tha t  i s  lower than the  terminal 

FUNCTIOPJ V A L !  the minimization procedure will i n  general, not be able 

t o  return t o  the lowest function value because the f inet ion gradient i s  

synthetically computed. 

It should be noted tha t  the program 

The terminal design values and closed-loop system eigenvalues are  

l i s t e d  a t  the  bottom of example page v i i .  

6. Changes i n  Program 

The COMPDES program taken t o  compute the 3rd order example i s  the 

I n  the same a s ’ l i s t e d  i n  Appendix A of reference 1, with 2 exceptions. 

MAIN program, 

a) inser t :  READ (I, 10) IPASS between ISNO077 and 1 ~ ~ 0 0 7 8 ,  

b)  take out ISNO140 (IF(IMATJ.EQ.O)GO TO 1099) and subst i tute  

IF(IPASS.GT.O)GO TO 1099. 
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